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FIRING BITUMINOUS COALS IN LARGE HOUSE- 
HEATING BOILERS. 


By S. B. Frage. 


INTRODUCTION. 


Rising prices for all fuels and the difficulty of obtaining the more 
desirable grades of coal are causing nearly all coal users to seek 
means of either reducing consumption or of burning coals obtainable 
at lower cost. Some uninformed people have even bought some form 
of chemical “ coal saver,” on the representation that a small quantity 
of it would treat a winter’s supply of coal and effect savings of 15 
per cent to 30 per cent. Other coal users have followed the wiser 
course of trying to correct waste in their methods of burning coal or 
of learning to use less desirable but cheaper grades. Under the ab- 
normal conditions of the winter of 1917-18, it is quite probable that 
many such substitutions will be made, sometimes as a matter of 
choice but more often because of the inability to obtain the fuel here- 
tofore used. This is particularly true where the equipments to be 
fired are low-pressure or heating boilers that have heretofore burned 
anthracite coal and are of the up-draft or surface-burning type. 

As many of these boilers are to be found among the large number 
of buildings for which the Federal Government buys fuel, the Bu- 
reau of Mines has conducted a short series of tests with some of the 
widely-used bituminous coals. Recommendations based on those 
tests are given below. 


HOW TO BURN BITUMINOUS COALS ECONOMICALLY. 


1. In burning bituminous coals in large house-heating boilers the 
fuel bed should not be seriously disturbed until the coal has become 
well coked, that is, until the gassy part of the coal has been largely 
driven off. 

2. Both caking and noncaking types of coal may be used satisfac- 
torily in boilers of this type if properly handled. 

3. The presence of a moderate proportion of screenings mixed with 
the lump coal causes the fresh charge of coal to heat more gradually 
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and the emission of smoke is kept down more easily. Therefore such 
a proportion of screenings is an advantage. 

4. Increasing the proportion of screenings in the coal necessitates 
the use of a stronger draft in order to carry the same load. Smaller 
firing charges must also be used and more frequent attention given. 
The tendency of caking coals to cake is increased and this also means 
that the fire must have more frequent attention. 

5. One large charge of coal fired by the spreading method will 
result in a longer emission of dense smoke than the total emission of 
such smoke from two charges of half the size fired some time apart 
and by the alternate method. 

6. With some coals, moderate charges fired by the alternate method 
necessitate less frequent attention to the heater than larger charges 
fired by the spreading method. Caking coals having a considerable 
proportion of fine coal or screenings are usually among these. Con- 
versely, a fire will usually require more frequent attention when a 
lumpy caking coal free from screenings or a noncaking coal is fired 
in moderate charges by the alternate method. 

7. The number of tests made was not large enough to justify con- 
clusions regarding the relative efficiency with which a coal may be 
burned by the two methods of firing, but the author believes that in 
actual service over considerable periods better results will be obtained 
by the alternate method. 

8. Frequency of cleaning the fires will be determined by the char- 
acter of the coal and the rate at which it is burned, but with most 
coals the fires should be cleaned only once or twice in 24 hours in 
ordinary weather. 

9. If the alternate method of firing is employed, the cleaning 
should be done just before firing the fresh charge, and only one-half 
of the grate cleaned at a time. Then little or no smoke will result 
from the cleaning, because the side of the fire on which there is un- 
coked coal is not disturbed. 

10. All three of the coals fired by the alternate method in the tests 
described were burned at rates corresponding to the heating condi- 
tions during the most of the winter, with scarcely any manipulation 
of the fuel bed except the cleaning of the fires and an occasional 
leveling just before firing. 

11. The average fireman is apt to poke and slice the fire much 
more than is actually necessary. (See par. 1.) If a caking coal is 
used and the caked fuel must be broken up before it is well coked, 
slice the fire by running a straight bar under the fuel bed and raising 
it slightly so as to crack the caked mass. Do not stir the bed upside 
down by raising the bar through the fuel bed, nor break the bed with 
a bar from the top. 
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12. If the fuel bed is covered with a charge of fresh fuel in a layer 
more than 5 inches thick, the new charge, unless it is very free from 
slack, is apt to have a smothering effect. Then the output of the 
boiler will be correspondingly decreased and, especially if the spread- 
ing method of firing is employed, the mass of fresh coal will usually 
have to be broken once or twice before the fire will pick up. Conse- 
quently, the maximum firing charge should be not much thicker than 
5 inches, and for caking coals containing considerable slack it should 
not be more than 4 inches thick. Of course, when a fire is to be 
kept banked heavier charges may be used. 

13. Do not fire large lumps of coal. Break all lumps into pieces 
no larger than fist size. 

14. Large house-heating boilers do not require an intense draft to 
meet any reasonable demands for heat if the fuel bed is kept in proper 
condition, but the draft must be properly controlled. 

15. The damper regulator should work freely with changes in 
steam pressure and should close the swinging draft opening in the 
ash-pit door before it starts to open the check draft in the smoke 
pipe. ; 

16. The doors on the front of the boiler should fit snugly in their 
seats; special care should be taken to prevent any material wedging 
between the doors and the front and thus admitting air when or 
where it ought to be prevented from entering. 

17. Do not allow clinkers to accumulate in the fire or too great a 
quantity of ashes on the grates. Be careful, however, in shaking the 
grates not to shake through unburned fuel. 

18. In ordinary or severe weather keep an active fuel bed averag- 
ing 10 to 12 inches deep. In milder weather the depth of active fuel 
may be decreased by keeping a layer of ashes on the grate under the 
live coals. 

19. Keep ashes removed from the ash pit. 

20. Keep flue surfaces clean by brushing at least once a week. 


DIFFERENCES IN THE FIRING OF HEATING AND OF POWER 
BOILERS. 


The reasons for the preceding recommendations rest not alone on 
the tests with the boilers described, but on other tests made by the 
Bureau of Mines. The bureau has issued two bulletins* describ- 
ing methods of hand firing powerplant boilers; under some con- 
ditions these methods would be suitable for heating boilers. but 
in general they would not. Special instructions are needed for 

*Flagg, S. B., Cook, G. C., and Woodman, F. E., Experiments with furnaces for a 
hand-fired return tubular boiler, Tech. Paper 34, Bureau of Mines, 1916, 32 pp. 


Kreisinger, Henry, Hand firing soft coal under power-plant boilers, Tech. Paper S80, 
Bureau of Mines, 1915, 83 pp. 
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heating boilers, because firing conditions for most of these boilers 
are necessarily quite different. For instance, the amount of coal 
burned on each square foot of grate surface in a given time will 
usually be two to six times as large as for heating boilers, and may 
be even larger. In small boilers of the residence-heating type, the 
rates at which coal is usually burned range from 1 to 5 pounds per 
square foot of grate surface per hour; in larger boilers for heating 
schools or apartment houses the rates range from 4 to 12 pounds; 
whereas the rates of burning in hand-fired power boilers range any- 
where from 6 to 25 or 30 pounds per square foot per hour. 

These lower rates of combustion make possible, and usually result 
in demands for less frequent attention, in order that the one responsi- 
ble for firing the boiler may devote time to other work. In conse- 
quence heating boilers are expected to meet the demands upon them 
when fired once an hour or two hours, or even once in six or eight 
hours in residence heating, whereas the power boiler is fired at regular 
intervals of 5 to 10 minutes. 

Another reason why heating boilers require different firing methods 
in order to burn bituminous coals successfully is that the space in 
the fire box above the fuel bed is usually very much smaller than is 
the corresponding space in power-plant boilers. In this space, known 
as combustion space, the smoky gases driven off from the coal must 
become mixed with air and burn. The more rapidly these combustible 
gases are driven off from the coal, the larger must be the space neces- 
sary for burning them completely. In the heating boiler the combus- 
tion space is relatively small, and hence it is especially important that 
the firing be done in such a way as to prevent, if possible, the gases 
from being driven off too rapidly.* 


WAYS IN WHICH A HEATING BOILER RECEIVES HEAT. 


The reader will better understand the results of the tests reported 
in this paper and the reasons for the instructions given on pages 5-7, 
if he has a clear idea of the ways in which the heat from the burning 
fuel reaches the water in a boiler. A brief explanation of each of 
these ways is therefore given here. 

Everybody knows that to get warm quickly in a room heated by 
an open fireplace one should be near and in front of the fire. Every- 
body knows, too, that the side of the body turned toward the fire 
heats more rapidly than the side turned away from it, and that the 
face, for instance, may be protected from the heat by holding the 
hands or a newspaper between it and the fire. The heat that comes 
directly to one from the flames or the glowing coal is called radiant 
heat, and the process by which this heat is transferred is called 


*¥For further discussion of the importance and effect of combustion space, see Technical 
Papers 63, 80, and 137 of the Bureau of Mines. 
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radiation. This method of heat transmission does not depend on the 
temperature of the air between the body and the fire, but is effective 
so long as no other object, for instance, a newspaper, comes between. 

In a similar way, if the heat-absorbing surfaces of the boiler can 
“see” the fire, they receive heat by radiation from the bright coals 
of the fuel bed until fresh coal is fired. Then, for a time, the fresh 
coal acts much like the newspaper and checks the transfer of heat 
by radiation. 

Another method of heat transfer is conduction. In this way a hot- 
water bottle or bag warms the hand placed on it. Solder melted 
with a soldering iron is another illustration of heat from a hot object 
being imparted to a colder one by conduction. In the heating boiler 
the hot coals impart heat by conduction to the sides of the pot that 
they touch. 

The third method by which the boiler receives heat is convection. 
Heat is never transferred by convection without the aid of some 
“carrier,” such as air or water. Thus when the hands are held over 
a hot-air register they can not receive heat by radiation from the fur- 
nace fire, nor by conduction from contact with the hot coals, but the 
air from the register has been heated in passing through the furnace 
and rising into the rooms it gives up its heat to objects that are at 
lower temperature. Another familiar example of heat transfer by 
convection is the cooling of the automobile engine cylinder by the 
circulating water in the jacket. The water receives heat from the 
cylinder walls and transfers this heat to the metal parts of the radi- 
ator which are kept cooler by the air currents. 

When coal or other fuel is burned in the heating boiler, hot gases 
are formed. If the flue surfaces of the boiler are kept clean, as they 
should be, they absorb a large part of the heat in the gases before 
the latter pass into the smoke pipe and the chimney. This heat the 
boiler water receives by convection. 

The laws governing the transfer of heat to the boiler in these dif- 
ferent ways are more or less definitely known, and it is the duty of 
the boiler designer so to arrange the heating surfaces of the boiler 
as to obtain the maximum total absorption from the three methods 
of heat transfer. Usually a power boiler absorbs no heat by conduc- 
tion, and approximately 10 per cent, or less, by radiation; the rest 
it gets by convection. In the heating boiler, also, convection plays 
the principal part, accounting probably for more than half of the heat 
received by the boiler when operating at normal or heavy loads. 
Next in importance is the heat transferred by radiation, and lastly 
that by conduction. 

As the heating boiler receives the most of its heat by radiation 
and convection, the boiler should be fired and operated so as to get as 
much heat in these ways as possible. If a firing of bituminous coal 
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is disturbed before it becomes coked (has the gassy part of the coal 
driven off), dense smoke will be produced. Then soot will be depos- 
ited on the heating surfaces or flues of the boiler and this soot will 
decrease the ability of the metal surfaces to absorb heat from the hot 
gases. The more smoke the more soot, and the more soot the less 
heat the gases give up to the metal surfaces. 

Smoke is to be prevented, not only because it fouls the flue surfaces, 
but because it represents incomplete burning of the fuel and is objec- 
tionable in the atmosphere. As the results of the tests mentioned 
in this paper show, the method of placing the fuel on the fire affects 
smoke emission, and hence must affect the amount of heat absorbed 
by convection. 

Moreover, the method of firing employed has an influence on the 
transfer of heat to the boiler by radiation. If a fresh charge of coal 
is made to cover only one side of the bed, the side that is left bright 
will continue to radiate heat to the boiler and will also serve to 
ignite the combustible gases driven off from the new charge. This 
method of firing, which was used in some of the tests, is termed the 
alternate method. Covering the entire fuel bed with fresh fuel at 
each firing, as was done in other tests, is termed the spreading method. 
In burning some coals serious drops of steam pressure (or of the 
water temperature in a hot-water heater) will occur if the spreading 
method is used, whereas the radiant heat and the hot gases from part 
of the bed will prevent such drops with the alternate method. 

In contrasting the conditions under which power and heating 
boilers are operated mention was made of the longer intervals be- 
tween firings as one of the differences. A satisfactory method of 
firing house-heating boilers with bituminous coals has to accomplish 
three purposes: (1) Maintain satisfactory temperatures in the build- 
ing with relatively infrequent firing or other attention, (2) utilize 
or make available a proper proporticn of the heat in the coal, and (3) 
prevent the emission of dense or objectionable smoke except possibly 
for short periods after firing. In the tests described in this paper 
these requirements were kept in mind and were assumed as conditions 
that must be met. 

SCOPE OF THE TESTS. 


The tests were made with both lump and run-of-mine sizes of a 
caking coal and with a noncaking or free-burning coal. The latter 
coal was originally shipped as 2-inch lump, but several rehandlings 
made the proportions of lump coal and screenings practically the 
same as would ordinarily be found in run-of-mine coal. With each 
of these coals the two methods of firing were tried, and with one of 
them tests were run to observe the effect of differences in the rate of 
burning. 
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Although only two coals were tested, they represent general 
types of coal widely used and the recommendations already given 
will therefore apply to the use of practically any bituminous coal. 
The primary purposes of these tests, however, was to direct attention 
to the possibilities when bituminous coals are properly fired in large 
house-heating boilers in order that the owner or operator of such 
a boiler might realize the need for more careful and intelligent 
manipulation than is ordinarily given. 


TESTING EQUIPMENT AND METHODS. 


At the right of Plate I is shown the boiler used in the tests. It is 
designated an Ideal boiler and when purchased it was rated at 5,700 
square feet of direct steam radiation.* The boiler was operated as it 
would be in heating service, except that the two rear sections (of six) 
of the grate were disconnected from the shaker bar and were bricked 
off, as shown in figure 1. On the basis of this reduced grate area 
the boiler rating might therefore be considered as about 3,800 square 
feet. The only purpose of reducing the grate area was to obtain the 
desired information concerning the methods of firing with a lesser 
amount of fuel, and it is believed that substantially the same results 
would have been obtained if the whole grate surface had been used. 

The two methods of firing employed were the alternate and the 
spreading method. In the former the fresh charge was placed on 
approximately one-half of the fuel bed. The relative thickness of 
the two sides of the bed just before the new charge was fired is shown 
in a general way in figure 1. If holes had formed in the thin side . 
so as to make the fire uneven, this half of the bed was leveled and the 
fresh coal spread uniformly over it. When the sprcading method 
was used the bed was first leveled as just described and a new charge 
was then spread over the entire bed. 


FUELS USED. 


The three fuels used were as follows: 

1. Pittsburgh lump coal (caking) from the Willow Grove mine 
at Sturgeon, Allegheny County, Pa. 

' 9, Pittsburgh run-of-mine coal (caking) from the same mine. 

8. Illinois 2-inch lump coal (noncaking) from the C. & H. mine at 
Herrin, Williamson County, Il. This coal had been in storage in a 
bin at the Pittsburgh station of the Bureau of Mines since 1914 and 
had been rehandled several times. 


RESULTS. 
Table 1 shows in brief form the results obtained from the tests. 


«The present catalog rating of this size boiler is 6,300 square fect, but the difference 
may be due in part to some minor changes in design. 
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Shape of fuel bed resulting from alternate firing is shown. 


Figure 1.—End view and side view of boiler used in tests. 
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Ficure 10.—Curve showing smoke emission to be expected with Pittsburgh lump coal, 
severe-weather load, and alternate firing. 
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FicurRE 11.—Curve showing smoke emission to be expected with Pittsburgh lump coal, 
ordinary-weather load, and alternate firing. 
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Ficure 12.—Curve showing smoke emission to be expected with Pittsburgh lump coal, 
ordinary-weather load, and spreading firing. 
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Ficurp 13.—Curve showing smoke emission to be expected with Pittsburgh run-of-mine 
coal, ordinary-weather load, and alternate firing. 
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Ficurn 14.—Curve showing smoke emission to be expected with Pittsburgh run-of-mine 
coal, ordinary-weather load, and spreading firing. 
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Ficure 15.—Curve Bhowine smoke emission to be expected with Illinois 2-inch lump coal, 
ordinary-weather load, and alternate firing. 
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Fiecure 16.—Curve showing smoke emission to be expected with Illinois 2-inch lump coal, 
ordinary-weather load, and spreading firing. 


The curves shown in figures 2 to 9 give typical records of the flue- 
gas temperatures for the different fuels, loads, and methods of firing. 
The titles under the several curves are self-explanatory. The sudden 
rises in the curves represent firings or other manipulations of the fire. 

Similar typical curves of the smoke emitted are shown in figures 
10 to 16. These curves represent the emission that may be expected 
for each firing period under the conditions specified for each curve. 
The smoke density is expressed according to the Ringelmann charts, 
the use of which is explained fully in a Bureau of Mines bulletin.¢ 
The shaded areas represent emission of smoke usually classed as 
dense smoke. 
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